Objective The objective of this study was to develop a French value set for the EQ-5D-5L, for academic and clinical research, and for regulatory requirements for price-setting of drugs and medical devices. Method This study used the standardized valuation protocol developed by EuroQol, using computer-assisted personal interview software. A representative sample of 1048 French residents were interviewed by a market research company, under the supervision of the research team. Health states were valued using composite time trade-off and a discrete choice experiment. Modeling was used to create values for the 3125 possible health states. The composite time trade-off data were modeled using a Tobit model with censored observations at −1 and correcting for heteroscedasticity. A conditional logit model was used for the discrete choice results, and both models were combined using a hybrid model. An adjusted hybrid model was tested to correct for imbalance in the sample on age and sex compared with the general population. A comparison with the 3-level (3L) value set was performed. Results The adjusted model was preferred to comply with the representativeness of the general population. It provided a value set for which all coefficients were logically consistent. Values ranged from − 0.525 to 1. The distribution of values presented a shift towards higher values versus the 3L value set. Ranking of dimensions changed. Pain and discomfort and mobility were the dimensions with the highest potential for disutility compared with mobility and self-care for the 3L instrument. Conclusions This study provides a value set based on societal preferences of the French population, using an improved descriptive instrument of health-related quality-of-life health states. It will contribute to improve the quality of cost-effectiveness analysis in the French context and help stimulate disease-specific quality-of-life references for academic-, institutional-, and industry-promoted studies.
Introduction
Since October 2013, drug and medical device companies applying for coverage by the French National Sickness Fund and whose products are assessed by the French health technology assessment (HTA) body, the 'Haute Autorité de Santé' (HAS), must submit a cost-effectiveness analysis (CEA) under the following conditions. They claim for recognition of the status of 'innovative product' (i.e. an improvement in medical service rendered/expected of 1-3); they expect a revenue of €20 million after 2 years of sales; and/or an impact on the delivery or organization of health services is expected [1, 2] . Applications by companies are assessed by the Commission for Economic and Public Health Evaluation (CEESP), in parallel with the clinical assessment performed by the Transparency Commission (CT). In France, cost per quality-adjusted lifeyear (QALY) is the recommended type of analysis in most cases. Companies should provide QALY values related to treatments of interest using data collected in the French context and in French validated value sets [3] . Presently, two French population-based value sets are recommended: EuroQol 5-Dimension 3-Level (EQ-5D-3L) tariffs, and the Health Utility Index (HUI) 3 [4] [5] [6] . Other ad hoc utility values are accepted, if fully justified and published in peer review journals.
Hamers et al. [7] have published a review article focused on utility measures, employed in submissions to the HAS to the end of 2015. A total of 32 submissions were assessed. Two submissions covered two indications, and 34 CEAs were analyzed. The EQ-5D-3L was used in 24 CEAs, while HUI 3 was only used in one submission. Other methods were disease-specific instruments or time trade-off (TTO) applied to specific vignettes. Thus, EQ-5D was the most used instrument.
Chevalier and de Pouvourville [4] have previously published a French value set for the 3L version of the EQ-5D questionnaire and had participated in the linguistic validation of the French (for France) version of the EQ-5D 5-Level (EQ-5D-5L) questionnaire. The performance of the 5L version in terms of better descriptive and discriminative power than the 3L version has been shown in many countries [8] [9] [10] [11] [12] . The availability of an updated version of the standardized valuation protocol [13] , with improvements for optimized data collection and its implementation in the EuroQol Valuation Technology (EQ-VT) software version 2.0 [14] by EuroQol, opened the opportunity of performing a valuation study for the EQ-5D-5L in France. This initiative was presented to the CEESP in June 2017, who provided strong support for it [15] .
Thus, the primary objective of this study was to provide a value set reflecting societal values for the health states generated by the EQ-5D-5L, in the French population. Subsequently, we compared the 5L value set with the initial 3L tariff and with the crosswalk value set published in 2012 [16] .
Methods
The study used the valuation protocol and its associated computer-assisted interview software (CAPI) EQ-VT version 2.0 developed by EuroQol [14] . Support from Euro-Qol included a training kit, a full script for interviewers, and a quality control module with specific criteria to adopt or reject interviews/interviewers. The French study team validated the French version of all documents, which were translated by a professional translation company. Interviews were performed by professional interviewers from a private market research company who had previously participated in the 3L valuation exercise.
Sample Selection
Following the protocol from EuroQol [17] , a sample of 1000 respondents aged ≥ 18 years was targeted. The market research company targeted a sample size of 1100 to ensure a final sample of 1000 respondents with valid responses. Each week, interviewers received a quota sheet of 10 targets, with specific characteristics of respondents in terms of age, sex, and socioeconomic status. Sampling was based on national statistics. Geographical representativeness was not targeted, but interviewers were selected to provide reasonable coverage of the territory and population size of the residential location of respondents.
Eliciting Preferences
Respondents used EQ-VT interactively with interviewers. Each respondent was presented with a subset of the 3125 health states of the EQ-5D-5L, for which two preference elicitation tasks were required: composite TTO (cTTO) [18] and discrete choice experiment (DCE).
The EQ-VT design included a set of 86 EQ-5D-5L health states, divided into 10 blocks of 10 health states for the cTTO tasks (in which some states were present in multiple blocks), and 196 pairs of EQ-5D-5L health states, divided into 28 blocks of seven pairs for the DCE tasks [18] . Each respondent was randomly assigned by the software to one of the cTTO or DCE blocks. They were first presented with 10 health states using cTT0, and then proceeded to a DCE, where they were asked to choose one of two displayed health states, for seven pairs of health states.
Interview Process
Before starting the elicitation tasks, respondents were asked to declare their present health state, using the EQ Visual Analog Scale (EQ VAS) and the EQ-5D-5L questionnaire. Supplementary questions related to age, sex, direct or indirect experience of disease, plus other background questions on level of education and professional activity were included. In the typical cTTO task that respondents had to perform, they were asked to choose their point of equivalence between living 10 years in a given health state and x years in full health. When respondents considered that a given health state was 'worse than being dead', they were shifted to a 'lead time' TTO [19] , for which they had to find a point of equivalence between two different 'lives', one lasting 20 years with 10 years in full health followed by 10 years in the health state worse than being dead, and x years of full health. The interview process included an explanation of the TTO, using 'being in a wheelchair' as an example and three practice health states to familiarize the respondents with the cTTO task and to prepare them with health states they might consider as 'worse than being dead'. After completion of the cTTO task, respondents were presented with a feedback module [20] presenting an overview of their valuations; health states were ranked from the less severe to the most severe, with states valued as 'equal' placed side by side. They were then asked to confirm their choices or to identify which of the health states they considered to be incorrectly ranked. The number of inconsistencies were reported and were used in the quality control process [21] .
In the DCE tasks, respondents were presented with a pair of EQ-5D-5L health states, A and B, and were asked to state which one was better. Indifference was not an option.
Interviewers Monitoring
The French study team received a 2-day training session. The first group of 15 interviewers received an initial 1.5-day training session, before proceeding to a pilot test of 10 interviews per person. Interviews were conducted at the interviewees' homes.
Standard quality control criteria were predefined as follows [21] :
• The time spent on explaining the TTO task using the wheelchair example was too short (< 3 min). • No explanation of the 'worse than dead' task ('lead time' TTO) was given in the wheelchair example. • Inconsistencies in the cTTO ratings (a value of 55555 was not the lowest and was at least higher than the state with the lowest value, by 0.5). • Time spent for the 10 TTO tasks was < 5 min.
If any of the criteria were met, the interview was flagged as being of suspect quality. Any batch of 10 interviews from a single interviewer with 40% of flags or more was rejected. Figure 1 presents the flowchart of the interview process (the full final quality control report is shown in electronic supplementary material [ESM] 1).
Modeling Methods
The study provided two different types of data to be modeled: the cTTO values and the DCE choices. The dependent variable for the cTTO values was obtained by subtracting the value of the cTTO values from 1, allowing the data to take only positive values. The DCE-dependent variable was a dummy variable with a value of 1 if the health state was chosen, and 0 if not. Dummies for the increments between consecutive levels were used to capture the disutility associated when moving from one level of the health dimension to another. Since the cTTO responses cannot take values lower than −1, a Tobit modeling approach was used to deal with the censored nature of the dependent variable. The cTTO values flagged during the feedback module were also excluded from the analysis. The DCE data were modeled using a conditional logit model.
Following the study by Ludwig et al. [22] , a hybrid model approach was performed in order to maximize the information of the whole data set if the cTTO and DCE data were found to be in close agreement. The special feature of the hybrid model is that it estimates a single set of coefficients based on the two different types of data. A scaling function, theta, is introduced in order to rescale the estimates between TTO and DCE. If TTO and DCE scales are proportional, theta can be a single scaling parameter. Thus, coefficients can be easily compared and can take a value of 1 for full health and 0 for the health state 'being dead'. We used a 20-parameter model where the explanatory variables are incremental dummies for the five dimensions of the EQ-5D-5L, with level 1 considered as the reference. Incremental dummies allow to interpret the coefficients as being the variation in the disutility of health when moving from one level to the next.
The French value set was calculated using the specific hyreg STATA command created by EuroQol, which computes utility values using a hybrid specification model [23] . The hyreg command includes distributional modifiers, allowing heteroscedasticity to be taken into account.
In the cTTO-only models that were tested, the intercept term was close to zero and was non-significant (p = 0.341). By definition, the DCE model has no intercept. Consequently, the final models were estimated as follows, with no intercept term:
We analyzed whether the sample was representative of the French general population. In case of not being representative, we re-estimated the model to test whether the factors of non-representativeness had an impact on the estimated values. If there was a significant impact, then a weighted model was estimated.
In order to estimate the weighted model, we first calculated the specific weights associated with each respondent to force the sample to be representative of the total French population. Once weights were available, the likelihood function of each observation was multiplied for the respondent weight.
The full analysis process was monitored by one coauthor, who was, at that time, a member of the EUROQOL consortium and a team member of the valuation studies. All initial models were run by the first author, and were subsequently checked by the EuroQol support team.
Comparing Value Sets
We compared the 5L value set with the French 3L value set and with values derived for France by the crosswalk interim scoring. Comparison was performed graphically using the Kernel distribution of value sets. The range of values, and ranking of dimensions and values for a selection of health states, were compared between the 5L and 3L values.
Results
A total of 1143 individuals were interviewed between March 2018 and November 2018, of whom 95 were excluded due to the poor quality of data. The final sample of respondents was 1048. The exclusion criteria were related to interviewers not complying to instructions or when serious inconsistencies in valuating health states were observed. Regarding the noncompliance in protocol rules, we excluded interviews for each interviewer who had not shown the 'worse than dead' configuration in the training part of the survey. The inconsistencies were related to conditions in which the respondent gave the worse state of 55555 a value that was higher than the value given to the mildest health state presented in the TTO task.
After exclusions, the average number of interviews per interviewer was 71.4 (standard deviation [SD] 30.9; minimum 10, median 82, maximum 132). The average time of interviews was 39.2 min (SD 9.4; minimum 17, median 37.8, maximum 95.4). The average time of a single TTO task was 60 s (SD 43.1; minimum 1.7, median 48.5, maximum 1081) and a single DCE task took an average time of 38.8 s to be completed (SD 30.0; minimum 4.8, median 30.2, maximum 725.9). Table 1 displays descriptive statistics of the sample. The final sample after exclusions (n = 1048) did not present major differences from the total sample (N = 1143). The average age was 49.4 years, while women represented 55.44% of respondents. The market research company used a three-level standard description of socioprofessional status (higher retired and active socioprofessional status; lower retired and active socioprofessional status; no professional activity). With this classification, final distribution of the sample was consistent with stratification goals (see ESM 3 for description of socioprofessional classes).
Sample Characteristics
The final sample presented with a difference in age and sex in the French general population [24] . An overrepresentation of females versus males in the sample was observed when compared with the planned stratification and with the general population. A breakdown of age groups per sex (Fig. 2) shows that there is an imbalance in favor of the 25-34 years age group for both sexes, and an imbalance for women, with a deficit in the number of women respondents in the older age group (75 years and older) versus women in the 55-74 years age group. An extra quota of 20 women aged 65 years and over was surveyed to reduce this imbalance but was not sufficient for a full correction. According to the market research company, acceptance of interviews was lower in this age group. Figure 3 represents the geographical distribution of respondents. Compared with national statistics, rural areas were well represented, whereas there was an underrepresentation in population size of residences of 2,000-100,000 inhabitants, and an overrepresentation of people living in residential units of over 100,000 inhabitants, and also the Paris 'Petite Couronne' (i.e. Paris + 4 adjacent departments). Supplementary data on the sample, including reporting on the personal experiences of diseases are presented in ESM 3.
Data Characteristics
Respondents declared 181 health states out of 3125. The list of declared health states is presented in ESM 4. Of 181 health states, 5 represented 50% of the sample health states declared by respondents (11111, 11112, 11113, 11114, and 11121).
Overall, 20.2% of cTTO values were negative, with 2.3% elicited at − 1 (Fig. 4 ). An unwillingness to trade-off full health (value 1) was observed in 13.7% of responses. In addition, values of 0.5 and − 0.5 were often observed (9.29% and 5.2%, respectively) but were not interviewer-dependent. The proportion of values around 0 (± − 0.05) was 3.7%.
Value Set
Altogether, seven models were tested: (1) a cTTO tobit model unadjusted for age and sex; (2) a DCE logit model unadjusted for age and sex; (3) a hybrid model unadjusted for age and sex; (4) a hybrid model adjusted for age and sex; (5) a hybrid model adjusted for age only; (6) a hybrid model adjusted for sex only; (7) and a main effect adjusted hybrid model. When including age and sex in the hybrid model, only age was highly significant (p = 0.023), but its coefficient was small (0.00250). When including age alone, it was no more significant (p = 0.066). Nevertheless, because the initial objective of the study was to provide a value set that reflects preferences of the general population, correction for sample biases was essential. Thus, a hybrid main effect model adjusted for age and sex was performed and is the preferred value set. This model was compared with an unadjusted hybrid model to measure the effect of adjusting.
In Table 2 , we present the cTTO and DCE models, followed by the unadjusted and adjusted main effects hybrid model. Coefficients are incremental utility variations when moving from one level to the next. Using the sum of levels across dimensions as a proxy for health state severity, the higher the severity, the lower the mean cTTO values but the higher the SD, indicating heteroscedasticity in the cTTO data ( Fig. 5 ). Heteroscedasticity was thus taken into account by modeling the variance. The theta rescaling coefficient was 5.226 (the full data of the preferred value set, including Sigma statistics, are shown in ESM 2, and the full value set is shown in ESM 5).
The appropriateness of the models can be assessed by identifying the inconsistencies in each specification. We expect disutility to increase as we move to worse health conditions. Both the cTTO and DCE models present one illogically ordered coefficient (MO3 and UA3, respectively), which is corrected for in all hybrid models. The agreement between models can also be assessed by comparing the ordering on the most impacted dimensions of health-related quality of life. UA was the dimension with the lowest cumulative decrement in all models, but models differ in the relative position of mobility, anxiety/ depression, and self-care; however, in all models, cumulative decrements of anxiety/depression and self-care are very close. In the hybrid non-adjusted model, anxiety/ depression ranks third, and also ranks third in the hybrid adjusted self-care model ( Table 3 ). For 2402 health states, utility values were higher in the unadjusted model versus the adjusted model, which is consistent with what was expected by correcting for the imbalance in age. The value of the worst health state (55555) was − 0.5255 in the adjusted model versus − 0.5217 in the unadjusted model. Table 3 allows for calculation of the utility of any given health states, using cumulative decrements. For example, the utility for the health state 54321 from the adjusted model is equal to 1 − 0.32509 − 0.172251 − 0.03979 − 0. 02198 = 0.441. Figure 6a , b, and c represent the scatterplots of the predicted values of two by two models of the 86 health states assessed in the cTTO part of the study; Fig. 6d is the scatter plot of the predicted values versus the observed values of the same health states using the adjusted model. DCE coefficients have been rescaled using the theta parameter to facilitate the comparisons. The DCE model provides a better fit in terms of convergence with the adjusted hybrid model, than the cTTO model. This has also been the case when comparing each model's predicted versus observed values for the 86 health states from the cTTO experiment (see ESM 6) . Thus, data support the assumption of proportionality between cTTO and DCE coefficients, and justify using a hybrid model, which brings together two different sources of stated preferences, with a larger number of health states than for each submodel alone. Figure 7 provides the Kernel density distributions for the French 5L value set, the 3L, and the 5L crosswalk. It highlights a displacement of 5L utility values to the right side of the distribution, indicating a shift to higher values. The 5L crosswalk distribution curve is similar to the 3L value set.
Comparing Value Sets: 5-Level, 3-Level, and Crosswalk
In the 3L version, 78/243 (32%) health states had a negative value, while in the 5L version, this number was 401/3125 (12.8%), confirming that this shift to higher values also impacts negative values. However, this is mitigated by the fact that if 5 and 3 are considered as the worst levels in both sets, there are proportionally less health states including a 5 (67%) than those including a 3 (87%). The worst health state has a value of − 0.52, and was 0.53 in the 3L and the crosswalk value sets.
The ranking of dimensions has changed. In the 3L version, the worst utility decrement (Level 3) was observed for mobility, followed by self-care and then pain/discomfort (followed by anxiety/depression and usual activities). In the 5L version, the ranking was pain/discomfort, mobility, self-care, anxiety/depression, and usual activities. The coefficients of self-care and anxiety/depression are very close. Maximum decrements are also lower in the 5L value set than in the 3L value set. In the 3L value set, the maximum decrement for MO was 0.5602, versus 0.3250 for 5L; the maximum decrement for PD was 0.4517 in the 3L value set and 0.4439 in the 5L value set. Mutatis mutandis, main differences with the 5L crosswalk, are quite similar to what was observed for the 3L value set. Table 4 presents a selection of health states and values for both questionnaires, which confirm the shift to the right of the 5L value set. However, caution is recommended when comparing the 3L and 5L value sets, since formulation of the worse level for mobility is 'confined to bed' (3L version) versus 'unable to walk about' (5L version); intermediate level 2 labeling in the 3L version is classified as 'some 
Discussion
The 5L version of the EQ-5D questionnaire was developed to meet critics regarding the lack of sensitivity of the 3L version to small changes in quality of life, leading, for example, to concentration effects of 11111 answers, and to difficulties in assessing intermediary levels between moderate and extreme problems [25] . Thus, in a country such as France, where cost-utility analysis is increasingly required or studied and is now mandatory to inform pricing decisions for innovative treatments, it was necessary to proceed to a valuation study.
In this study, the choice of combining cTTO and DCE was dictated by the results, as in other valuation studies [26] : the strong agreement between the cTTO and DCE data and the improvement in the fit between observed and predicted values. In addition, using the hybrid model led to compensating for non-logical findings for the estimation of the 'mobility' L3 utility decrement in the cTTO tobit model, and the 'usual activity' L3 decrement in the conditional logit model for DCE.
Results show important changes versus the earlier EQ-5D-3L value set. Values shifted upwards, as was also found in Germany [26] , the UK [27] and The Netherlands (cTTO model) [28] . There were also proportionally fewer negative values in the 5L value set, which may be related to the introduction of 'lead time'. However, more strikingly for France, the ranking of dimensions has changed. In the 3L version, mobility and self-care came first and second, followed by pain and discomfort, whereas the 5L version ranks pain and discomfort and mobility first, followed by self-care, anxiety/depression, and usual activities. Maximum utility decrements are also smaller. Finally, at the time of the first French valuation studies, quality monitoring of the interviewers was not routinely implemented and may have led to higher interviewer effects. Thus, there is more confidence in the stated preferences of respondents than in the 3L study.
A comparison of the French value set with other published sets in the European context confirms the validity of maintaining national tariffs. In Germany [26] , 55555 is valued at − 0.661, in the UK [27] it is valued at − 0.285, in Spain [30] it is valued at − 0.416, and in Ireland [29] it reaches a minimum of − 0.974. There are also differences between France, Germany, the UK, and Spain in the ranking of dimensions: pain and discomfort ranks first in Germany, UK, Spain, and France, but comes second to anxiety and depression in Ireland.
The issue of the representativeness of the sample needs to be discussed. If distribution according to socioeconomic status was consistent with the initial stratification goals, our sample had a higher rate of female respondents than in the general population, with an excess in the 55-74 years age group and a deficit in the ≥ 75 years age group, and a higher relative rate of young (25-34 years) and mature (55-64 years) male respondents. It was felt necessary to correct for such differences to comply with the ground principles of the elicitation of preferences on a representative sample of the population. The adjusted model showed little changes in coefficients for all dimensions. Geographical distribution was not a stratification criterion. Nevertheless, we observed an overrepresentation of Paris and immediate surrounding 'departments' (Petite Couronne).
The availability of a standardized valuation protocol has facilitated the transition to the French 5L value set, expected by academics and promoters of health care products and programs. The 5L version appears to capture small changes in health-related quality of life. Nevertheless, according to Hernandez et al. [31] , in the UK the shift to the right, and the higher concentration of high utility values, could lead to lower QALY increments and higher incremental cost-effectiveness ratios (ICERs), except for treatments with high lifeyear gains, which may raise issues of historical consistency between past (with 3L) and future decisions. Continuing to use the crosswalk as an interim solution would not lead to major changes versus the 3L. Contrary to the National Institutes for Health and Care Excellence in the UK, which uses cost-utility analysis as a major criterion for access to coverage, in France the results of the economic evaluations presented by companies only serve as additional information in the price negotiation. Regulations and price agreements between the payer and companies have rejected the setting of a threshold, be it a single value or a range. Thus, there is no historical backlog against which past decisions may be challenged by a change in the valuation system, even if one cannot underestimate the scaling effects when recent assessments have already provided ultra-high ICERs.
Conclusions
The availability of the French 5L value set will now facilitate the development of disease-specific studies, to document health-related quality of life in the French context, which are one of the weak points of the dossiers presented to health authorities. Indeed, such studies have been delayed in the recent past by investigators because of the unavailability of a French value set. The value set is also much expected by academic health economists and clinicians. There is indeed a growing interest of the latter to include reference qualityof-life questionnaires in clinical trials and other clinical epidemiology studies.
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